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300
T

302
ALIGN A FIRST SET OF ELECTRICAL
 CONNECTORS DISPOSED ON A FIRST SIDE OF
 ATRAY ALONG A FIRST DIRECTION TO A
SECOND SET OF ELECTRICAL CONNECTORS
SO THAT THE FIRST AND SECOND SETS OF
. ELECTRICAL CONNECTORS ALIGN ALONG THE
 FIRST DIRECTION, WHEREIN THE TRAY IS
CONFIGURED TO MOUNT IN A RACK

ACTUATE ONE OF THE FIRST AND SECOND
SETS OF ELECTRICAL CONNECTORS WHILE
THE OTHER SET INCLUDES FIXED
CONNECTORS, THE ACTUATED SET OF
CONNECTORS INCLUDING CONNECTION
ELEMENTS TO BE USED TO EXTEND THE
ACTUATED CONNECTORS TO MATE WITH THE
FIXED CONNECTORS

FIG. 18
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SLIDE A TRAY INTO A RACK, THE TRAY
COMPRISING A FIRST ELECTRICAL

CONNECTOR AND A FIRST ALIGNMENT
ELEMENT

t‘““““““““““““““w:\

'S
3
o

MOUNT A COMPONENT INTO THE RACK, THE
COMPONENT COMPRISING A SECOND
ELECTRICAL CONNECTOR AND A SECOND
ALIGNMENT ELEMENT, WHEREIN THE FIRST
 ALIGNMENT ELEMENT IS CONFIGURED TO
MATE WITH THE SECOND ALIGNMENT ELEMENT
. WHEN THE TRAY IS SLID INTO THE RACK,
 WHEREIN MATING THE FIRST AND SECOND
 ALIGNMENT ELEMENTS ALIGNS THE FIRST AND
 SECOND ELECTRICAL CONNECTORS, AND
 WHEREIN THE FIRST AND SECOND ELECTRICAL
 CONNECTORS ARE DISPOSED ALONG AXES
 THAT ARE PARALLEL WITH A DIRECTION THAT
THE TRAY IS SLID INTO THE RACK

““““““““““““““““““““““““““““““““““““““““““““““““R

. ACTUATE THE FIRST ELECTRICAL CONNECTOR
= TOWARD THE SECOND ELECTRICAL

CONNECTOR, OR VICE VERSA, SO THAT A

FIRST CONNECTOR ALIGNMENT FEATURE OF

THE FIRST ELECTRICAL CONNECTOR MATES
WITH A SECOND CONNECTOR ALIGNMENT

FEATURE OF THE SECOND ELECTRICAL
CONNECTOR

““““““““““““““““““““““““““““‘;\
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ALIGNMENT MECHANISM FOR SERVER
CONNECTOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to the U.S. Provisional
Patent Application Ser. No. 63/638,276 filed Apr. 24, 2024
of which 1s incorporated herein by reference 1n 1ts entirety.

BACKGROUND

A rack (or cabinet) 1s a structure often used 1n data centers
to hold trays of computing elements 1n a vertical stack.
Typically, the trays are connected to each other on the rear
(or back) side of the rack. That 1s, cables can be connected
at the back sides of the trays 1n order to communicatively
couple the compute elements 1n the trays to each other.

However, as the density of trays and compute elements
increases in the rack, the area at the rear of the rack for
routing cables has become limited, making it increasingly
dificult to provide suflicient area or “beachiront” for the
necessary cable connections. Compounding the problem 1s
that the rear side of the trays 1s also often used for cooling
the trays by including fans or vents. As the density of
electrical connections increases at the rear side, this leaves
less room for cooling equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner 1n which the above recited features of
the present disclosure can be understood in detail, a more
particular description of the disclosure, briefly summarized
above, may be had by reference to embodiments, some of
which are illustrated 1n the appended drawings. It 1s to be
noted, however, that the appended drawings 1illustrate only
exemplary embodiments and are therefore not to be consid-
ered limiting of i1ts scope, and may admit to other equally
ellective embodiments.

FIGS. 1, 2, and 3 illustrate various views of a rack with
trays according to an example embodiment of the present
disclosure.

FI1G. 4 1llustrates a close-up view of one example arrange-
ment of trays for a rack according to an example embodi-
ment of the present disclosure.

FIGS. § and 6 illustrate a compute tray and a switch tray,
respectively, of the rack of FIGS. 1, 2, and 3.

FIGS. 7 and 8 illustrate perspective views ol a compute
tray and a switch tray being coupled with cable cartridges of
the rack of FIGS. 1, 2, and 3.

FIG. 9 1illustrates a side view of a cable cartridge of the
rack of FIGS. 1, 2, and 3.

FIG. 10 1llustrates a front view of a multi-stack rack
according to an example embodiment of the present disclo-
sure.

FIG. 11 1llustrates a front view of a multi-rack system
according to an example embodiment of the present disclo-
sure.

FI1G. 12 1llustrates a perspective view of a multi-stack rack
according to an example embodiment of the present disclo-
sure.

FIGS. 13A and 13B illustrate an actuation system for
coupling connectors 1n a tray to connectors in a cable
cartridge according to an example embodiment of the pres-
ent disclosure.
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FIGS. 14A and 14B illustrate an actuation system for
coupling connectors 1n a tray to connectors in a cable

cartridge according to an example embodiment of the pres-
ent disclosure.

FIGS. 15A and 15B illustrate an actuation system for
coupling connectors 1n a tray to connectors in a cable
cartridge according to an example embodiment of the pres-
ent disclosure.

FIGS. 16A, 16B, and 16C illustrate an actuation system
coupling connectors in a tray to connectors 1 a cable
cartridge according to an example embodiment of the pres-
ent disclosure.

FIGS. 17A, 17B, 17C, 17D, 17E, and 17F illustrate an
actuation system for coupling connectors in a tray to con-
nectors 1n a cable cartridge according to an example embodi-
ment of the present disclosure.

FIG. 18 1s a flow diagram for an example method of
actuating one set ol connectors to mate with another set of
connectors, according to an example embodiment of the
present disclosure.

FIGS. 19A, 19B, 19C, and 19D illustrate an alignment
system for aligning a tray with a cable cartridge and con-
nectors of the tray with connectors of the cable cartridge,
according to an example embodiment of the present disclo-
sure.

FIG. 20 1s a flow diagram for an example method of
aligning a tray with a cable cartridge and connectors of the
tray with connectors of the cable cartridge, according to an
example embodiment of the present disclosure.

To facilitate understanding, 1dentical reference numerals
have been used, where possible, to designate identical
clements that are common to the figures. It 1s contemplated
that elements and features of one embodiment may be
beneficially incorporated in other embodiments without fur-
ther recitation.

DETAILED DESCRIPTION

Various features are described hereinafter with reference
to the figures. It should be noted that the figures may or may
not be drawn to scale and that the elements of similar
structures or functions are represented by like reference
numerals throughout the figures. It should be noted that the
figures are only intended to facilitate the description of the
teatures. They are not imntended as an exhaustive description
of the embodiments herein or as a limitation on the scope of
the claims. In addition, an 1llustrated example need not have
all the aspects or advantages shown. An aspect or an
advantage described 1n conjunction with a particular
example 1s not necessarily limited to that example and can
be practiced in any other examples even if not so 1llustrated,
or 1f not so explicitly described.

A rack can hold a plurality of vertically-stacked trays with
compute elements. Conventionally, such trays have been
connected to each other on the rear side or back of the rack.
Particularly, traditionally cables have been connected at the
rear sides of the trays 1n order to communicatively couple
the compute elements in the trays to each other and/or to
switch elements. But as noted above, as the density of trays
and compute elements increases 1n the rack, the area at the
rear of the rack for routing cables has become limited,
making 1t increasing dithcult to provide suflicient area or
“beachiront™ for cable connections. Compounding the prob-
lem 1s that the rear side of the trays 1s also often used for
cooling the trays by including fans or vents. As the density
of electrical connections increases at the rear side, this
leaves less room for cooling equipment and other items.
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Accordingly, a rack that includes features for addressing
one or more of these noted challenges 1s described herein. In
one example aspect, a rack 1s disclosed. The rack can include
a plurality of trays mounted in the rack 1n a first orientation,
¢.g., a horizontal orientation. The tray can include a plurality
ol side connectors arranged along a side of the tray. The rack
can also include a cable cartridge mounted in the rack 1n a
second orientation, e.g., a vertical orientation, which 1s
perpendicular to the first orientation. The cable cartridge can
be mounted on a side of the rack. The cable cartridge can
include connectors configured to connect to side connectors
arranged on sides of the plurality of trays. Further, the cable
cartridge can include cables connected to the connectors 1n
the cable cartridge to facilitate communication between the
trays. For instance, each cable of the cable cartridge can
connect a pair of the connectors of the cable cartridge, which
provides communication between a pair of trays.

The rack of the present disclosure can provide one or
more advantages, benefits, and/or technical eflects. For
instance, utilizing the side-cabling techmque enabled by the
cable cartridge and the side connectors of the trays can,
among other benelits, shorten the cables of the rack relative
to conventional designs, which permits the trays to be
interconnected using passive differential pair cables, instead
of active (powered) wire cables or optical cables. Further,
the side-cabling technique of the rack of the present disclo-
sure can allow the rear side of the rack (or provide additional
“beachiront™) to be used for other uses, such as for airtlow
(e.g., Tans or vents), manifolds, power connectors, and/or
other elements. In addition, the side-cabling technique dis-
closed herein can enable scaling of the compute elements by
utilizing one or more cable cartridges and their cables to
couple one stack of trays with another stack of trays within
the rack, and 1n some embodiments, without or with a
reduced need for longer cables. Such cable cartridges can
also be used to scale the compute elements of the rack by
tacilitating coupling of the compute elements with compute
clements of another rack arranged 1n a side-by-side arrange-
ment with the rack. Moreover, 1n some aspects, the cable
cartridge can be slidable, or rather, slidably mounted 1n the
rack. This allows for the cable cartridge to be slid out and
accessed at the front of the rack, e.g., for service, adding new
cables, etc.

In another example aspect, different actuation techniques
for coupling side connectors of a tray to connectors in a
cable cartridge are disclosed. In some embodiments, one set
ol connectors can be moved or actuated while the other set
ol connectors can be fixed. The movable connectors can be
on the tray while the fixed connectors can be in the cable
cartridge, or vice versa. In some embodiments, both sets of
connectors can be moved or actuated. In some aspects, the
set of actuated connectors can be actuated individually to
mate with corresponding fixed connectors, much like a
zipper. This can be advantageous since less force can be
applied to the actuated connectors when mating, relative to
a technique that mates the connectors on at the same time
(1.e., 1 parallel). In other aspects, the set of actuated
connectors can be actuated 1n parallel, or rather, at the same
time. This can provide efliciency in mating the connectors,
among other benefits. Further, actuation of the connectors
can be done manually, e.g., with a spear having a pointed tip,
or automatically with an automated mechamsm, e.g., a
motor-driven lever that moves a bar to ultimately actuate the
actuated connectors.

In a further example aspect, different alignment tech-
niques for aligning side connectors of a tray to connectors of
a cable cartridge are disclosed. For instance, a tray and a
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cable cartridge of a rack can each include coarse alignment
teatures that facilitate alignment of the tray with the cable
cartridge when the tray 1s slid into the rack, or vice versa. As
one example, the tray can include one or more alignment
features arranged to mate with corresponding alignment
teatures of the cable cartridge. When the alignment features
of the tray mate with their corresponding alignment features
of the cable cartridge, the side connectors of the tray can be
aligned with the connectors of the cable cartridge, e.g., along
the sliding direction of the tray. The tray and the cable
cartridge can also each include fine alignment features that
facilitate secondary (or fine) alignment of the side connec-
tors of the tray and the connectors of the cable cartridge. For
instance, the side connectors of the tray can include one or
more connector alignment features arranged to mate with
corresponding connector alignment features of the connec-
tors of the cable cartridge. The connector alignment features
of the tray and cable cartridge can mate when the side
connectors of the tray or the connectors of the cable car-
tridge are actuated, e.g. along a direction orthogonal to the
sliding direction. Moreover, a movable bar can hold the
connectors configured to actuate and can allow them to
“float” or shuttle to resolve tolerances. A biasing spring can
be attached to the bar to ensure that the alignment features
of the tray are mated well with the alignment features of the
cable cartridge, which can facilitate alignment of the con-
nectors.

In one aspect, a system 1s provided. The system includes
a tray configured to mount 1nto a rack, the tray includes a
first electrical connector and a first alignment element; and
a component configured to mount into the rack, the com-
ponent including a second electrical connector and a second
alignment element, wherein the first alignment element 1s
configured to mate with the second alignment element when
the tray 1s shid into the rack, wherein mating the first and
second alignment elements align the first and second elec-
trical connectors. The first and second electrical connectors
are disposed along respective axes that are parallel with a
direction that the tray 1s slid into the rack.

In another aspect, a rack 1s provided. The rack includes a
tray slidably mounted within the rack and having a first set
ol electrical connectors disposed on a side of the tray along
a first direction, the tray being slidable along the first
direction and having a first alignment element; and a cable
cartridge mounted within the rack and having a second set
of electrical connectors arranged along the first direction, the
cable cartridge having a second alignment element. The first
alignment element 1s arranged to mate with the second
alignment element so as to align the first and second
clectrical connectors along the first direction. At least one of
the first set of electrical connectors and the second set of
clectrical connectors 1s movable along a second direction
perpendicular to the first direction.

In a further aspect, a method i1s provided. The method
includes sliding a tray into a rack, the tray including a first
clectrical connector and a first alignment element; and
mounting a component nto the rack, the component 1includ-
ing a second electrical connector and a second alignment
clement, wherein the first alignment element 1s configured to
mate with the second alignment element when the tray 1s slid
into the rack, wherein mating the first and second alignment
clements align the first and second electrical connectors. The
first and second electrical connectors are disposed along
axes that are parallel with a direction that the tray 1s slid into
the rack.
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Side Cable Cartridges

FIGS. 1, 2, and 3 illustrate various views of a rack 100
according to various embodiments of the present disclosure.
FIG. 1 1s a front perspective view of the rack 100 with first
and second cable cartridges 102, 104 thereof arranged in
respective engaged positions, FIG. 2 1s a front perspective
view of the rack 100 with the first and second cable
cartridges 102, 104 slid out from their respective engaged
positions, and FIG. 3 1s a front view of the rack 100. For
reference, the rack 100 defines a first direction X, a second
direction Y, and a third direction Z, which are mutually
perpendicular to one another and form an orthogonal direc-
tion system. The first direction X can be a transverse
direction, the second direction Y can be a lateral direction,
and the third direction 7Z can be a vertical direction, for
example. The rack 100 has a front side 106, a rear side 108,
a first side 110, and a second side 112. The front side 106 1s
spaced from the rear side 108, e.g., along the first direction
X. The first side 110 1s spaced from the second side 112, e.g.,

along the second direction Y. The rack 100 also has a top 114
and a bottom 116, which are spaced from one another along
the third direction Z.

The rack 100 includes a frame 118 supporting a plurality
of trays 120, with some of the trays 120 containing compute
clements (1.e., compute trays 122) and some containing
switch elements (1.e., switch trays 124). For example, the
compute trays 122 can include one or more data processing
clements, such as central processing units (CPUs), applica-
tion specific integrated circuits (ASIC), field programmable
gate array (FPGA), parallel processors (e.g., graphic pro-
cessing units (GPUs), tensor processors, data processing
units (DPUs), and the like), or some combination of the
foregoing. The switch trays 124 can include one or more
switch elements, such as network switch integrated circuits.
The compute trays and the switch trays 124 can be collec-
tively referred to herein as trays 120. The trays 120 are
mounted in the rack 100 1 a first orientation, e.g., a
horizontal orientation.

In some embodiments, the compute trays 122 include the
same compute components (€.g., a tray containing multiple
GPUs). In other embodiments, the compute trays 122
include a mixture of compute components (e.g., a tray
containing GPUs and FPGAs). For ease of explanation, the
remaining discussion assumes that the compute trays 122
include multiple GPUs (e.g., a GPU tray), however, this 1s
just one example and 1s not intended to be limiting.

In at least some embodiments, the compute trays 122 and
the switch trays 124 can be clustered within the rack 100.
For instance, for the rack of FIGS. 1, 2, and 3, the rack 100
includes a first cluster 126 of compute trays 122, a second
cluster 128 of compute trays 122, and a cluster 130 of switch
trays 124 sandwiched or arranged between the first and
second clusters 126, 128 of compute trays 122, e.g., along
the third direction Z. Accordingly, the first cluster 126 of
compute trays 122 1s arranged on a different side of the
switch trays 124 than the second cluster 128 of compute
trays 122. Arranging the cluster 130 of switch trays 124
between the first and second clusters 126, 128 can reduce a
length of cables needed to connect the compute trays 122
with the switch trays 124. Fach cluster of the rack 100 can
include a same number of trays or the clusters can have
different numbers of trays.

FI1G. 4 illustrates a rack that includes interleaved compute
trays 122 and switch trays 124. In this example, instead of
clustering the compute trays 122 and the switch trays 124,
one type of tray 1s mterleaved with a different type of switch
tray. This may reduce latency. Thus, the embodiments herein
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can mclude any type of arrangement where different types of
trays can be connected to side cable cartridges.

With reference now to FIGS. 5 and 6, an example
compute tray and an example switch tray will be further
described. FIG. 5 illustrates one example compute tray 122.

FIG. 6 1llustrates one example switch tray 124. As shown 1n
FIG. 5, the compute tray 122 has a front side 132, a rear side
134, a first side 136, and a second side 138. The compute
tray 122 has a tray base 140 and a plurality of walls
extending from the tray base 140, e.g., along the third

direction Z. The walls include a front wall 142, a rear wall
144, a first sidewall 146, and a second sidewall 148. The tray

base 140 and the walls 142, 144, 146, 148 define a tray
volume 1n which various components are arranged, such as
compute elements 150.

The compute elements 150 in the compute tray 122 can be
mounted on substrates 152 (e.g., printed circuit boards
(PCBs)). The compute elements 150 can be CPUs, ASICs,
FPGAs, or parallel processors (e.g., GPUs, tensor proces-
sors, DPUs, and the like), for example. Flyover cables 154,
which can be passive differential pair (DP) wire cables, can
connect the compute elements 150 to side connectors 156.
Specifically, the short flyover cables 154 can connect the
side connectors 156 with board connectors 158, which are in
turn connected to their respective compute elements 150.
The side connectors 156 can be arranged in the first and
second sidewalls 146, 148 of the compute tray 122. In some
embodiments, the first and second sidewalls 146, 148 can
cach contain twice the number of side connectors 156 than
there are switch trays 124 in the rack 100 (FIG. 1). The side
connectors 156 of the first sidewall 146 and the side con-
nectors 156 of the second sidewall 148 can be aligned with
one another, e.g., along the first direction X. Further, 1n some
embodiments, the sets of side connectors 156 of the first
sidewall 146 and/or the second sidewall 148 can be centered
on a midline ML defined by the compute tray 120.

In the example compute tray 122 of FIG. 5, there are no
connectors on the rear wall 144 at the rear side 134 (or
backside) of the compute tray 122. Accordingly, the rear side
134 can be used for airflow (e.g., fans or vents), manifolds,
power connectors, and/or other elements. However, in other
embodiments, the rear wall 144 can include one or more
connectors that can be used to connect the compute tray 122
with another tray.

By arranging the side connectors 156 at the first and
second sides 136, 138 of the compute tray 122, the length of
the flyover cables 154 may be reduced relative to using
connectors at the rear side 134. The flyover cables 154 may
be much longer 1f they extend from the compute elements
150 to connectors at the rear side 134 of the compute tray
122, especially flyover cables 154 that extend from compute
clements 150 arranged at a forward portion of the compute
tray 122. In this manner, using the side connectors 156 can
reduce the length of the mternal flyover cables 154, which
can enable the use of passive wire cables (instead of active
wire cables or optical fibers) and/or improve signal quality
relative to using passive wire cables that extend to the rear
side 134 of the compute tray 122.

Similar advantages can be gained by connecting switch
clements 160 (e.g., network switch integrated circuits) 1n the
switch tray 124 to side connectors 162, which are arranged
in first and second sidewalls 164, 166 of the switch tray 124
as depicted in FIG. 6. In this way, flyover cables 168 can be
made shorter, using passive wire cables, improved signal
quality, and/or freeing the rear side for airtlow elements,
mamifolds, and power connectors. In some embodiments,
however, the switch tray 124 can also include one or more
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connectors at 1ts rear wall that can be used to connect to the
switch tray 124 with the compute tray 122 or some other tray

type.
Returning to FIGS. 1, 2, and 3, the first and second cable

cartridges 102, 104 will be further described. As depicted the
first and second cable cartridges 102, 104 are mounted 1n the
rack 100 in a second orientation, €.g., a vertical orientation
that 1s perpendicular to the first orientation (e.g., a horizontal
orientation). Accordingly, 1n the example embodiment of

FIGS. 1, 2, 3, the first and second cable cartridges 102, 104
are oriented in the rack 100 perpendicular to the trays 120.
In some aspects, the first and second cable cartridges 102,
104 each have a longest length that extends vertically and
the plurality of trays 120 each have a longest length, with
cach of the longest lengths of the plurality of trays 120

extending horizontally.

As shown 1n FIG. 3, like the trays 120, the first and second
cable cartridges 102, 104 can be slid out of the front side 106
of the rack 100. That 1s, the first and second cable cartridges
102, 104 are shdable, e.g., along the first direction X. As
such, the first and second cable cartridges 102, 104 and the
trays 120 are serviceable at the front side 106. The first cable
cartridge 102 1s disposed on the first side 110 of the rack 100
and the second cable cartridge 104 1s disposed on the second
side 112 opposite the first side 110.

FIGS. 7 and 8 illustrate perspective views of one of the
compute trays 122 and one of the switch trays 124 arranged
relative to the first and second cable cartridges 102, 104. In
FIG. 7, both the first and second cable cartridges 102, 104
are depicted while the first cable cartridge 102 1s removed 1n
FIG. 8 for illustrative purposes.

The first cable cartridge 102 has an 1nner side 170 and an
outer side 172 and includes a housing 174. The mner side
170 faces inward toward the trays 120 and the outer side 172
taces away from the trays 120. The first cable cartridge 102
also includes a plurality of connectors 176 disposed within
the housing 174. The connectors 176 are generally arranged
within the housing 174 at the inner side 170. The connectors
176 are spaced from the outer side 172 by a distance D1 so
as to provide room (e.g., an outer volume) for cables 178
(only two cables are shown 1n FIG. 7) to connect respective
pairs of the connectors 176 of the first cable cartridge 102.
For instance, each one of the cables 178 can connect a
connector associated with one of the compute trays 122 with
a connector associated with one of the switch trays 124. In
this regard, the cables 178 can be connected to the connec-
tors 176 to facilitate communication between the trays 120,
as will be explained 1n detail further below.

At the 1nner side 170, the connectors 176 of the first cable
cartridge 102 are configured to connect to respective ones of
the side connectors 156, 162 on the first side of the plurality
of trays 120. In at least some embodiments, the connectors
176 of a first set 180 are configured to connect to respective
ones of the side connectors 176 of the compute trays 122 of
the first cluster 126 (FIG. 3), the connectors 176 of a second
set 182 are configured to connect to respective ones of the
side connectors 156 of the second cluster 128 (FIG. 3) of the
compute trays 122, and the connectors 176 of a third set 184
are configured to connect to respective ones of the side
connectors 162 of the cluster 130 (FIG. 3) of the switch trays
124. The third set 184 has more columns of connectors (e.g.,
sixteen (16) columns) than does the first and second sets
180, 182 (e.g., e1ght (8) columns each), but each one of the
sets 180, 182, 184 has a same number of rows, e.g., sixteen
(16) rows. Accordingly, 1n this example embodiment, the
connectors 176 form a cross pattern since the switch trays
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124 include more connectors than the compute trays 122, but
this 1s just one implementation.

The second cable cartridge 104 1s configured 1n a same or
similar manner as the first cable cartridge 102, and accord-
ingly, the reference numerals used to denote features of the
first cable cartridge 102 have been used to denote the same
teatures of the second cable cartridge 104.

FIG. 9 illustrates a side view of the first cable cartridge
102 and shows a path of a cable 178-1 that represents a
longest cable length for interconnecting a connector 176-1
ol a topmost compute tray 122-1 to a connector 176-2 of a
bottommost switch tray 124-1. In one embodiment, the cable
178-1 may have a length of 0.9 meters to 1.2 meters and
connects to a pair of connectors 176-1, 176-2 1n the first
cable cartridge 102. The connectors 176-1, 176-2 i turn
mate with the side connectors on the sides of the trays 122-1,
124-1, respectively. But this distance can be reduced by
being selective on which connectors are connected together
in the cable cartridge.

In some embodiments, as shown 1n FIG. 9, the first cable
cartridge 102 can be split into two sections, e.g., divided by
line 186. The sections can include a forward section 188 and
a rear section 190. The forward section 188 and the rear
section 190 can be arranged or connected together as shown
in FIG. 9 (1.e., slid into contact with one another within the
rack, and 1n some embodiments, locked together with a lock
or retention device). For servicing one or both of the forward
and rear sections 188, 190, one or both of the forward and
rear sections 188, 190 can be shid out from the rack, e.g.,
along the first direction X. In some embodiments, the
forward section 188 and the rear section 190 can be removed
from the rack via the front side 106 (FIG. 1) and the rear side
108 (FIG. 1), respectively. Stated differently, the forward
section 188 and the rear section 190 can be disconnected
from one another, 1f connected, and then slid out from the
rack away from each other, with the forward section 188
being moved forward along the first direction X and the rear
section 190 being moved rearward along the first direction
X. In this way, the forward section 188 and the rear section
190 are movable relative to one another. Dividing the first
cable cartridge 102 into sections (or any other side cable
cartridge of the present disclosure) can provide for a smaller
field-replaceable unit (FRU) for service. This feature can be
enabled with cable crossovers (flyover swizzle) within the
trays.

Returning to FIGS. 1, 2, and 3, 1n some embodiments, the
switch trays 124 are connected to the compute trays 122 to
form a high-speed network in the rack 100. Put differently,
the switch trays 124 can form an internal network in the rack
100 so that each compute tray 122 can communicate with
multiple other compute trays 122 via the switch trays 124.
In one embodiment, the switch trays 124 interconnect the
compute trays 122 so that every compute tray 122 can
communicate with every other compute tray 122. This may
be especially advantageous when the compute trays 122 are
tasked with performing a high compute task, such as an
artificial intelligence or machine learning task.

As discussed above, a rear side 108 of the rack 100 may
not have suflicient area for attaching cables from the com-
pute trays 122 to the switch trays 124. Moreover, even if
there 1s sullicient room on the rear side 108, the length of the
flyover cables used to connect compute elements at the front
of the trays to connectors at the back of the trays, and then
the cables to connect the compute trays to the switch trays,
may have a length that seriously degrades the signal quality,
c.g., the signal eye. As such, it may be impossible or
unfavorable to use passive wire (e.g., copper) DP cables to
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interconnect the trays at the rear side 108. However, using
powered wire cables or optical cables may significantly
Increase costs.

Instead, 1n accordance with embodiments presented
herein, the cables 178 used to couple the compute trays 122
to the switch trays 124 are placed at one (or both) of the sides
of the rack 100. In the example of FIGS. 1, 2, and 3, the rack
100 includes the first and second cable cartridges 102, 104
arranged on the first and second sides 110, 112 of the rack
100, respectively. The cables 178 are contained within the
first and second cable cartridges 102, 104 and couple the
compute trays 122 to the switch trays 124. Each one of the
cables 178 1n a cable cartridge can connect a pair of the
connectors 176 1n that cable cartridge, where these connec-
tors 176 of the pair in turn mate with respective ones of the
side connectors 156, 162 disposed on the sides of the trays
120, ¢.g., with one connector of the pair mating with a side
connector of a compute tray and the other connector of the
pair mating with a side connector of a switch tray. In at least
some embodiments, the first cable cartridge 102 can include
one cable for every pair of connectors 176 therein, and
similarly, the second cable cartridge 104 can include one
cable for every pair of connectors 176 therein. While only
two (2) cables 178 are shown in FIG. 3 and also i FIG. 7,
it will be appreciated that many cables can be arranged
within the first and second cable cartridges 102, 104, e.g., so
that each pair of connectors 176 has an associated cable
connecting them.

In some embodiments, every compute tray 122 1s con-
nected to every one of the switch trays 124 where the cables
178 are contained within the first and second cable car-
tridges 102, 104. In some further embodiments, each com-
pute element (e.g., each GPU) of each one of the compute
trays 122 1s connected to each one of the switch trays 124
with at least some of the cables 178 connecting these
clements being contained within the first and second cable
cartridges 102, 104.

Further, although not shown, the compute trays 122 and
the switch trays 124 can be connected to other compute
clements (not 1n the rack 100) using the front side 106 or the
rear side 108, such as another, external network. Further,
while FIGS. 1, 2, and 3 illustrate using the sides 110, 112 to
route at least some of the cables 178 interconnecting the
compute trays 122 and the switch trays 124, in other
embodiments, some of the cables 178 interconnecting the
compute trays 122 and the switch trays 124 may be disposed
at the rear side 108 and the front side 106. In any case, FIGS.
1, 2, 3 illustrates that using the cable cartridges can shorten
the cables which permait the trays 120 to be interconnected
using passive wire DP cables, instead of active (powered)
wire cables, or optical cables.

While FIGS. 1, 2, and 3 illustrate an embodiment where
the compute trays 122 are coupled to switch trays 124, in
other embodiments, the side-cabling techniques discussed
above can apply to a rack that includes trays of the same type
(e.g., compute trays 122 that are interconnected to each
other). Further, the rack can include more than two types of
trays. For example, 1n some embodiments, the rack can
include the compute trays 122, switch trays 124, and data
storage trays which are also connected to the switch trays to
provide local (rack level) storage for the compute trays 122.

In some further embodiments, the concepts described
above can be scaled to multi-stack racks or multi-rack
systems. Examples are provided below.

FIG. 10 illustrates a front view of a rack 100A, which 1s
a multi-stack rack having a first stack 101 and a second stack
103 1n a side-by-side arrangement. The first stack 101 can
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include a first plurality of trays 120 A mounted on the rack
100A while the second stack 103 can include a second
plurality of trays 120B mounted on the rack 100A. In this
example, the first stack 101 includes eight (8) compute trays
122 A (each containing four GPUs) disposed above eight (8)
switch trays 124 A and eight (8) compute trays 122A (each
containing four GPUs) disposed below the eight (8) switch
trays 124 A. Similarly, the second stack 103 includes eigh
(8) compute trays 122B (each containing four GPUs) dis-
posed above eight (8) switch trays 124B and eight (8)
compute trays 122B (each containing four GPUs) disposed

below the eight (8) switch trays 124B. The rack 100A can
store one hundred twenty-eight (128) GPUs (with 4 GPUs
per compute tray, with a total of 32 compute trays). While
FIG. 10 specifically mentions GPUs, as above, the compute
trays 122A, 122B can store any kind of computing element.

The rack 100A also includes a plurality of cable car-
tridges, including a first cable cartridge 102A, a second
cable cartridge 104B, and one or more stack-interconnecting
cable cartridges. The first cable cartridge 102A 1includes
connectors configured to connect to connectors on sides of
the first plurality of trays 120A and cables 178A (only one
(1) shown in FIG. 10) connected to the connectors 1n the first
cable cartridge to facilitate communication between the first
plurality of trays 120A. The first cable cartridge 102A 1s
disposed at the first side 110 of the rack 100A. The second
cable cartridge 104B includes connectors configured to
connect to connectors on sides of the second plurality of
trays 120B and cables 178B (only one (1) shown 1n FIG. 10)
connected to the connectors in the second cable cartridge
104B to facilitate communication between the second plu-
rality of trays 120B. The second cable cartridge 104B 1s
disposed at the second side 112 of the rack 100A.

The one or more stack-interconnecting cable cartridges
are disposed between the first stack 101 and the second stack
103, e.g., along the second direction Y. In some embodi-
ments, such as in the embodiment of FIG. 10, the rack 100A
can include a single stack-interconnecting cable cartridge
105 disposed between the first and second stacks 101, 103
(e.g., 1n the middle between the first and second stacks 101,
103). The stack-interconnecting cable cartridge 105 can
include a plurality of first stack connectors 176A and a
plurality of second stack connectors 1768 with an interior
volume being defined therebetween. The first stack connec-
tors 176 A are configured to connect to connectors on sides
of the first plurality of trays 120A while the second stack
connectors 176B are configured to connect to connectors on
sides of the second plurality of trays 120B. Interconnect
cables 178C can each connect one of the first stack connec-
tors 176 A with one of the second stack connectors 176B.

Accordingly, the stack-interconnecting cable cartridge
105 can facilitate the connection of at least one of the first
plurality of trays 120A 1n the first stack 101 to at least one
of second plurality of trays 120B in the second stack 103.
For instance, the stack-interconnecting cable cartridge 105
can permit compute trays in one stack to connect to switch
trays in the other stack. Although not shown, the stack-
interconnecting cable cartridge 105 can also permit compute
trays to connect to switch trays in the same stack. In one
embodiment, the first and second cable cartridges 102A,
104B on the first side 110 (e.g., the left side) and the second
side 112 (e.g., the rnight side), respectively, can be used only
to communicatively couple compute trays and switch trays
in the same stack, while the stack-interconnecting cable
cartridge 105 can facilitate interconnection between the first

and second stacks 101, 103.
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The side-by-side arrangement of the embodiment of FIG.
10 can permit the first and second stacks 101, 103 to form
an internal network. That 1s, to the perspective of the
compute trays 122A, 122B, they are part of the same
network even though they may be 1n different vertical stacks.
In one embodiment, the switch trays 124 A, 124B 1intercon-
nect the compute trays 122A, 122B 1n both vertical stacks so
that every compute tray can communicate with every other
compute tray in the two stacks. This may be especially
advantageous when the GPUs are tasked with performing a
high compute task, such as an artificial intelligence or
machine learning task. Moreover, the arrangement of the
rack 100A advantageously allows for scaling to multiple
stacks without or with a reduced need to increase cable
length. The mterconnect cables 178C can be the same or
approximately the same length as the cables 178A, 178B.

In some alternative embodiments, the rack 100A can
include two stack-interconnecting cable cartridges disposed
between the first and second stacks 101, 103. One stack-
interconnecting cable cartridge can include the first stack
connectors 176 A while the other stack-interconnecting cable
cartridge can include the second stack connectors 176B. The
two stack-interconnecting cable cartridges can be mated
together to form the interior volume defined between the
first stack connectors 176 A and the second stack connectors
176B. In such embodiments, the stack-interconnecting cable
cartridges can each be arranged to have openings that
communicate with one another, e.g., to permit the intercon-
nect cables 178C or other cables to travel through the
interior volume, e.g., from one stack to another.

FIG. 11 illustrates a front view of multi-rack system 107
that includes a first rack 100B and a second rack 100C, both
of which are arranged 1n a same or similar manner as the
rack 100A of FIG. 10. Accordingly, the rack 100A of FIG.
10 having one hundred twenty-eight (128) GPUs 1s doubled
to a two hundred fifty-six (256) GPU arrangement in FIG. 11
using two racks so that there are four vertical stacks, where
cach vertical stack includes eight compute trays (each con-
taining four GPUs) disposed above, and eight compute trays
disposed below, eight switch trays. Moreover, the racks
100B, 100C can each include first and second cable car-
tridges and one or more stack-interconnecting cable car-
tridges.

In addition, horizontal cable cartridges 109 can be added
to interconnect the switch trays 1n the four vertical stacks. In
some embodiments, one horizontal cable cartridge 109 can
interconnect the first cable cartridge of the first rack 1008
with the first cable cartridge of the second rack 100C, one
horizontal cable cartridge 109 can interconnect the second
cable cartridge of the first rack 100B with the second cable
cartridge of the second rack 100C, and one horizontal cable
cartridge 109 can interconnect the one or more stack-
interconnecting cable cartridges of the first rack 100B with
the one or more stack-interconnecting cable cartridges of the
second rack 100C, e.g., as shown in FIG. 11.

Moreover, additionally or alternatively, active cables 111
can be used to mterconnect the cable cartridges 1n different
stacks. For example, passive electrical DP cables can be
used 1n the vertical and horizontal cable trays, but it may be
advantageous to use active (powered) cables 111 to inter-
connect the vertical cable trays due to the length of these
cables and the sigmificant attenuation that may occur 1if
passive wire cables were used. In some embodiments, an
active cable 111 can interconnect the first cable cartridge of
the first rack 100B with the first cable cartridge of the second
rack 100C, an active cable 111 can interconnect the second
cable cartridge of the first rack 100B with the second cable
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cartridge of the second rack 100C, and an active cable 111
can mterconnect the one or more stack-interconnecting cable
cartridges of the first rack 100B with the one or more
stack-interconnecting cable cartridges of the second rack
100C, ¢.g., as shown 1n FIG. 11.

The side-by-side arrangement of the embodiment of FIG.
11 permits the four vertical stacks to form an internal
network. That 1s, to the perspective of the compute trays,
they are part of the same network even though they may be
in different vertical stacks. In one embodiment, the switch
trays interconnect the compute trays i both vertical stacks
so that every compute tray can communicate with every
other compute tray in the two stacks, and the horizontal
cable cartridges 109 and/or the active cables 111 can inter-
connect the two racks 100B, 100C.

FIG. 12 illustrates a perspective view of a rack 100D,
which 1s a multi-stack rack having a first stack 113 and a
second stack 115 1n a side-by-side arrangement. The first
stack 113 can include a first plurality of trays 120C mounted
on the rack 100D while the second stack 115 can include a
second plurality of trays 120D mounted on the rack 100D.
In this example, the first stack 113 includes sixteen (16)
compute trays 122C (each containing four GPUs) disposed
above sixteen (16) switch trays 124C and sixteen (16)
compute trays 122C (each containing four GPUs) disposed
below the sixteen (16) switch trays 124C. Similarly, the
second stack 115 includes sixteen (16) compute trays 122D
(each contaiming four GPUs) disposed above sixteen (16)
switch trays 124D and sixteen (16) compute trays 122D
(each containing four GPUs) disposed below the sixteen
(16) switch trays 124D. The rack 100D can store 256 GPUs
(with 4 GPUs per compute tray, with a total of 64 compute
trays), with two 128 GPU stacks disposed adjacent to one
another and arranged together 1n the same rack. While FIG.
12 specifically mentions GPUSs, as above, the compute trays
122C, 122D can store any kind of computing element.

Moreover, the rack 100D includes first and second cable
cartridges 102C, 102D and one or more stack-interconnect-
ing cable cartridges 117, much like the embodiment of FIG.
10. The first cable cartridge 102C 1s disposed at the first side
110 of the rack 100D, the second cable cartridge 104D 1s
disposed at the second side 112 of the rack 100D, and the
one or more stack-interconnecting cable cartridges 117 are
disposed between the two vertical stacks. Each cable car-
tridge 102C, 104D, 117 can include connectors and cables as
described above with respect to the embodiment of FIG. 10.
The one or more stack-interconnecting cable cartridges 117
can permit compute trays in one stack to connect to switch
trays in the other stack. In some embodiments, the one or
more stack-interconnecting cable cartridges 117 can also
permit compute trays to connect to switch trays in the same
stack. In one embodiment, the cable cartridges on the first
and second sides 110, 112 can be used only to communica-
tively couple compute trays and switch trays in the same
stack.

Further, for the embodiment of FIG. 12, a taller rack (e.g.,
a 480U rack) may be used than the embodiment of FIG. 11.
Moreover, the cables 1n the cable cartridges may be around
0.8 m longer than an embodiment were each vertical stack
has only 16 compute trays and 8 switch trays. In one
embodiment, first and second power and management con-
nections 119, 121 can be arranged on the first and second
sides 110, 112 of the rack 100D, respectively.

Actuation Techniques

Different actuation techmques for coupling connectors in
a tray to connectors 1 a cable cartridge will now be
described. Generally, 1n some embodiments, one set of
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connectors can be moved or actuated while the other set of
connectors can be fixed. The movable connectors can be on
the tray while the fixed connectors can be in the cable
cartridge, or vice versa. In some embodiments, both sets of
connectors can be moved or actuated. That 1s, the set of
connectors of the tray and the set of connectors of the cable
cartridge can both be movable connectors. Example embodi-
ments are provided below.

With reference now to FIG. 13A, an actuation system
200A for mating respective pairs of connectors 1s provided.
As depicted, the actuation system 200A includes a first set
ol electrical connectors 202A disposed on a side of a tray
204A along a first direction X, wherein the tray 204A 1s
configured to mount 1n a rack, such as any of the racks
disclosed herein. The first set of electrical connectors 202A
can be arranged 1n a sidewall of the tray 204 A, for example.
The actuation system 200A also includes a second set of
clectrical connectors 2060A. The second set of electrical
connectors 206A can be disposed 1n a cable cartridge 208 A,
such as a side cable cartridge. One or more cables 210A can
be coupled with each electrical connector of the second set
of electrical connectors 206A. The second set of electrical
connectors 206 A can be aligned with the first set of electrical
connectors 202 A along the first direction X. For instance, the
tray 204A can be slid into a rack and the cable cartridge
208A can be slid into the rack as well so as to be 1n an
engaged position with respect to the tray 204A, e.g., so that
the connectors respectively align.

One of the first and second sets of electrical connectors
202A, 206 A 1includes actuated connectors while the other set
includes fixed connectors. In the embodiment of FIG. 13 A,
the first set of electrical connectors 202A includes fixed
connectors 212A, including a first fixed connector 212A-1,
a second fixed connector 212A-2, and a third fixed connector
212A-3. The fixed connectors 212A are spaced from one
another along the first direction X. The second set of
clectrical conmectors 206A includes actuated connectors
214A, icluding a first actuated connector 214A-1, a second
actuated connector 214A-2, and a third actuated connector
214A-3. The actuated connectors 214 A are spaced from one
another along the first direction X, and 1n FIG. 13A, the first,
second, and third actuated connectors 214A-1, 214A-2,
214A-3 are aligned with the first, second, and third fixed
connectors 212A-1, 212A-2, 212 A-3 along the first direction
X, respectively. In other embodiments, the first set of
clectrical connectors 202A can include actuated connectors
and the second set of electrical connectors 206 A can 1include
fixed connectors.

Each one of the actuated connectors 214A can be moved
between an extended position and a retracted position. When
in the extended position, an actuated connector can be
extended so as to engage or mate with a corresponding fixed
connector. When 1n the retracted position, the actuated
connector can be retracted so as to be disengaged or not 1n
mating communication with a corresponding fixed connec-
tor. For instance, in FIG. 13A, the first actuated connector
214A-1 15 1n an extended position and mated with the first
fixed connector 212A-1 while the third actuated connector
214A-3 15 1n a retracted position and not mated with the third
fixed connector 212A-3. The second actuated connector
214A-2 15 1n an intermediate position between the extended
position and the retracted position.

As shown 1n FIG. 13A, the actuated connectors 214A
include connection elements 216A to be used to extend the
actuated connectors 214 A to mate with the fixed connectors
212A. In some embodiments, such as in the embodiment of
FIG. 13A, the connection elements 216A include a respec-

5

10

15

20

25

30

35

40

45

50

55

60

65

14

tive slot 1n each of the actuated connectors 214A, with the
respective slots being aligned along a first axis AX. That 1s,
the slots are aligned with the first axis AX 1n that they allow
for a tool 218A, such as an actuation spear, to be inserted
therethrough along the first axis AX, which 1s parallel with
the first direction X. For instance, the first actuated connec-
tor 214A-1 1includes a first slot 216 A-1, the second actuated
connector 214A-2 includes a second slot 216A-2, and the
third actuated connector 214A-3 includes a third slot 216 A-
3. The first, second, and third slots 216 A-1, 216 A-2, 216 A-3
are aligned with the first axis AX in that the tool 218A can
be inserted therethrough along the first axis AX, e.g., to
move or actuate the actuated connectors 214A. Each slot can
be aligned with the first axis AX regardless of whether a
given slot 1s 1n an extended position, a retracted position, or
some position therebetween.

In some embodiments, the first, second, and third slots
216 A-1, 216 A-2, 216 A-3 are configured to receive the tool
218A having a sloped tip 220A. The tool 218A can be moved
through the first, second, and third slots 216A-1, 216A-2,

216 A-3 so that the sloped tip 220A sequentially engages
with the actuated connectors 214A to move them 1n a
direction D2 towards the fixed connectors 212A, with the
direction D2 being perpendicular to the first direction X. In
some embodiments, the sloped tip 220A can sequentially
engage the actuated connectors 214A (e.g., respective first
surfaces 222 A or first edges of each of the actuated connec-
tors 214A). In this regard, 1n some embodiments, the con-
nection elements 216 A are configured such that pairs of the
first and second sets of electrical connectors 202A, 206 A are
mated sequentially along the first direction X.

Specifically, as shown 1n FIG. 13A, the tool 218A can be
inserted manually (from right to left 1n FIG. 13A) into the
slots 216A-1, 216A-2, 216A-3, which moves the actuated
connectors 214A along the direction D2 towards the fixed
connectors 212A (which can be male and female connectors,
respectively) to mate each pair of connectors. For example,
the sloped tip 220A arranged at a tip of the tool 218A can be
used to move the actuated connectors 214A towards the
fixed connectors 212A. Particularly, to move a given one of

the actuated connectors 214 A from the retracted position to
the extended position, as the tool 218A 1s moved along the
first direction X (e.g., from right to left in F1G. 13A) a sloped
surface 224A of the sloped tip 220A can engage a first
surface 222 A of the given actuated connector, and as the tool
218A 1s moved further along the first direction X (e.g.,
turther to the left 1n FIG. 13A), the first surface 222 A shides
along the sloped surface 224A away from a leading edge
226 A of the tool 218 A. This action moves the given actuated
connector toward its corresponding fixed connector along
the direction D2. Eventually, the given actuated connector 1s
moved to the extended position and 1n mating engagement
with 1ts corresponding fixed connector. Once the tool 218A
has moved the given actuated connector to the extended
position, a planar surface 228 A of the tool 218A can engage
the given actuated connector while the sloped surface 224 A
of the tool 218A no longer contacts the given actuated
connector. Moreover, the tool 218A can continue to be
moved along the first direction X to actuate other actuated
connectors to the extended position.

Accordingly, the manual actuation of the tool 218A works
like a zipper, where the actuated connectors 214A are
actuated individually or at least mated at diflerent times with
their corresponding fixed connectors 212A. This can be
advantageous since less force can be applied to the actuated




US 12,696,419 B2

15

connectors 214A when mating, relative to a technique that
mates the connectors on the same tray at the same time (1.¢.,
in parallel).

FIG. 13B illustrates that the tool 218A can be used to
reverse the mating process or decoupling of the connectors.
As depicted, the sloped tip 220A of the tool 218A can push
(when again inserted from right to left) the actuated con-
nectors 214A away from the fixed connectors 212A. For the
decoupling process, the tool 218A can be nverted (with
respect to 1ts position for the coupling process as shown in
FIG. 13A) so that the sloped surface 224 A faces away from
the fixed connectors 212A. The tool 218A can be moved
along the first direction X (e.g., from right to left in FIG.
13B) to sequentially move or actuate the actuated connectors
214A.

Particularly, as shown 1n FIG. 13B, the tool 218A can be
iserted manually (from right to left 1n FIG. 13A) into the
slots 216 A-1, 216A-2, 216A-3, which moves the actuated
connectors 214 A along a direction D3 away from the fixed
connectors 212A to disengage each pair of connectors.
Particularly, to move a given one of the actuated connectors
214 A from the extended position to the retracted position, as
the tool 218A 1s moved along the first direction X (e.g., from
right to left in FIG. 13B) the sloped surface 224A of the
sloped tip 220A can engage a second surface 230A of the
given actuated connector, and as the tool 218A 1s moved
turther along the first direction X (e.g., further to the left 1n
FIG. 13B), the second surface 230A slides along the sloped
surface 224 A away from the leading edge 226 A of the tool
218A. This action moves the given actuated connector away
from 1ts corresponding fixed connector along the direction
D3. Eventually, the given actuated connector 1s moved to the
retracted position. Once the tool 218A has moved the given
actuated connector to the retracted position, the planar
surface 228A of the tool 218 A can engage the given actuated
connector while the sloped surface 224 A of the tool 218A no
longer contacts the given actuated connector. Moreover, the
tool 218 A can continue to be moved along the first direction
X to actuate other actuated connectors to the retracted
position. Accordingly, the manual actuation of the tool 218A
works like a zipper in the reverse direction, where the
actuated connectors 214A are actuated individually at dii-
ferent times away from their corresponding fixed connectors
212A. This can be advantageous since less force can be
applied to the actuated connectors 214 A to disengage them,
relative to a technique that disengages the connectors on the
same tray at the same time (1.e., 1n parallel).

With reference now to FIG. 14A, an actuation system
200B for mating respective pairs of connectors 1s provided.
As 1llustrated, the actuation system 200B includes a first set
of electrical connectors 202B disposed on a side of a tray
204B along a first direction X, wherein the tray 204B 1s
configured to mount 1 a rack, such as any of the racks
disclosed herein. The first set of electrical connectors 202B
can be arranged 1n a sidewall of the tray 204B, for example.
The actuation system 200B also includes a second set of
clectrical connectors 206B. The second set of electrical
connectors 2068 can be disposed 1n a cable cartridge 208B,
such as a side cable cartridge. One or more cables can be
coupled with each electrical connector of the second set of
clectrical connectors 206B. The second set of electrical
connectors 2068 can be aligned with the first set of electrical
connectors 202B along the first direction X.

One of the first and second sets of electrical connectors
2028, 206B includes actuated connectors while the other set
includes fixed connectors. In the embodiment of FIG. 14A,
the first set of electrical connectors 202B 1ncludes actuated
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connectors 214B. The actuated connectors 214B are spaced
from one another along the first direction X. The second set
of electrical connectors 206B includes fixed connectors
212B. The fixed connectors 212B are spaced from one
another along the first direction X. In other embodiments,
the first set of electrical connectors 202B can include fixed
connectors and the second set of electrical connectors 2068
can include actuated connectors.

Each one of the actuated connectors 214B can be moved
between an extended position and a retracted position. When
in the extended position, an actuated connector can be
extended so as to engage or mate with a corresponding fixed
connector. When in the retracted position, the actuated
connector can be retracted so as to be disengaged or not 1n
mating communication with a corresponding fixed connec-
tor. For 1nstance, in FIG. 14A, each of the actuated connec-
tors 214B are 1n a retracted position. In contrast, i FIG.
14B, each of the actuated connectors 214B are in an
extended position.

As shown 1n FIG. 14A, the actuated connectors 214B
include connection elements 216B to be used to extend the
actuated connectors 214B to mate with the fixed connectors
212B. In some embodiments, such as in the embodiment of
FIG. 14 A, the connection elements 216B include a plurality
of arms 232B coupled to a bar 240B. When the bar 2408 1s
actuated 1 a direction along the first direction X, the
plurality of arms 232B move the actuated connectors 214B
in a direction towards the fixed connectors 212B, or rather
a direction D4 as shown 1n FIG. 14B.

More specifically, each of the plurality of arms 232B
includes a first linkage 2428 and a second linkage 244B, or
rather, a structure-to-bar linkage and a bar-to-connector
linkage. The first linkage 242B of a given arm couples the
bar 240B with a fixed structure 246B. One end of the first
linkage 242B can be pivotably coupled (e.g., by a pin) with
the fixed structure 246B at a structure connection point 2508
so that first linkage 2428 can pivot or rotate when the bar
240B 1s moved. The other end of the first linkage 242B 1is
coupled with the bar 240B (e.g., by a pin) at a bar connection
point 252B. The second linkage 244B of the given arm
couples the bar 240B with one of the actuated connectors
214B. One end of the second linkage 244B can be pivotably
coupled (e.g., by a pin) with the actuated connector 214B at
a connector connection point 254B so that second linkage
2448 can pivot or rotate when the bar 240B 1s moved. The
other end of the second linkage 244B 1s coupled with the bar
240B (e.g., by a pin) at the bar connection point 252B. In
some embodiments, a single pin can couple the first and
second linkages 2428, 244B of the given arm with the bar
240B at the bar connection point 252B. In other embodi-
ments, the first and second linkages 242B, 244B can be
coupled with the bar at separate bar connection points.

To move the actuated connectors 214B from the retracted
position to the extended position (e.g., from their positions
in FIG. 14A to theiwr positions 1mn FIG. 14B), a lever 256B
coupled with the bar 240B can be moved (e.g., rotated
manually or by an automated mechanism, such as an electric
motor) to pull the bar 240B towards a front side 258B of the
tray 204B (or alternatively the rear side of the tray 204B). In
this way, the bar 240B can be moved 1n a direction D5 along
the first direction X. The arms 232B coupled to the bar 2408
straighten as the lever 256B 1s actuated. That 1s, the move-
ment of the bar 240B 1n the direction DS drives the bar
connection points 2528 of the arms 232B to align with their
respective structure connection points 2508 and their
respective connector connection points 254B, which
straightens the first and second linkages 242B, 244B as
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shown in FIG. 14B (in contrast, in FIG. 14A, the bar
connection points 252B of the arms 232B are oflset from
their respective structure connection points 2508 and their
respective connector connection points 254B). Accordingly,
the movement of the bar 240B moves the actuated connec-
tors 214B toward the fixed connectors 212B so that they
mate with the fixed connectors 212B, e.g., as shown 1n FIG.
14B. In some embodiments, such as in the embodiment of
FIGS. 14A and 14B, the connection elements 216B are
configured such that pairs of the first and second sets of
clectrical connectors 202B, 206B are mated in parallel along
the first direction X, or rather, at the same time.

To move the actuated connectors 214B from the extended
position to the retracted position (e.g., from their positions
in FIG. 14B to their positions 1n FIG. 14A), the process
described above can be reversed. The lever 256B coupled
with the bar 240B can be moved (e.g., rotated manually or
by an automated mechanism, such as an electric motor) to
push the bar 240B away from the front side 258B of the tray
204B. In this way, the bar 240B can be moved 1n a direction
opposite the direction D5 along the first direction X. The
arms 232B coupled to the bar 240B become less straight as
the lever 256B 1s actuated. That 1s, the movement of the bar
240B 1n the direction opposite the direction D5 drives the
bar connection points 252B of the arms 232B out of or
further out of alignment with their respective structure
connection points 250B and their respective connector con-
nection points 254B. Accordingly, the movement of the bar
240B 1n the direction opposite the direction D5 moves the
actuated connectors 214B away from the fixed connectors
212B. In some embodiments, such as in the embodiment of
FIGS. 14A and 14B, the connection elements 216B are
configured such that pairs of the first and second sets of
clectrical connectors 202B, 206B are disengaged 1n parallel,
or rather, at the same time.

With reference now to FIG. 15A, an actuation system
200C for mating respective pairs of connectors 1s provided.
As shown, the actuation system 200C includes a first set of
clectrical connectors 202C disposed on a side of a tray 204C
along a first direction X, wherein the tray 204C 1s configured
to mount 1n a rack, such as any of the racks disclosed herein.
The first direction X can extend along the first direction X
(FIG. 1), for example. The first set of electrical connectors
202C can be arranged 1n a sidewall of the tray 204C, for
example. The actuation system 200C also includes a second
set of electrical connectors 206C. The second set of electri-
cal connectors 206C can be disposed 1n a cable cartridge
208C, such as a side cable cartridge. One or more cables can
be coupled with each electrical connector of the second set
of electrical connectors 206C. The second set of electrical
connectors 206C can be aligned with the first set of electrical
connectors 202C along the first direction X.

One of the first and second sets of electrical connectors
2020, 206C 1includes actuated connectors while the other set
includes fixed connectors. In the embodiment of FIG. 15A,
the first set of electrical connectors 202C 1ncludes actuated
connectors 214C. The actuated connectors 214C are spaced
from one another along the first direction X. The second set
of electrical connectors 206C includes fixed connectors
212C. The fixed connectors 212C are spaced from one
another along the first direction X. In other embodiments,
the first set of electrical connectors 202C can include
actuated connectors and the second set of electrical connec-
tors 2060 can include fixed connectors.

Each one of the actuated connectors 214C can be moved
between an extended position and a retracted position. When
in the extended position, an actuated connector can be
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extended so as to engage or mate with a corresponding fixed
connector. When in the retracted position, the actuated
connector can be retracted so as to be disengaged or not 1n
mating communication with a corresponding fixed connec-
tor. For instance, 1n FIG. 15A, each of the actuated connec-
tors 214C are 1n a retracted position. In contrast, i FIG.
15B, each of the actuated connectors 214C are in an

extended position.

As shown 1n FIG. 15A, the actuated connectors 214C
include connection elements 216C to be used to extend the
actuated connectors 214C to mate with the fixed connectors
212C. In some embodiments, such as in the embodiment of
FIG. 15A, the connection elements 216C 1nclude a plurality
of connector pins 260C that are slidably received within
respective slots 262C 1n a bar 264C. When the bar 264C 1s
actuated 1n a direction D6 along the first direction X, the
plurality of connector pins 260C move 1n the respective slots
262C to move the actuated connectors 214C 1n a direction
D7 towards the fixed connectors 212C.

The slots 262C of the bar 264C are spaced apart from one
another, e¢.g., along the first direction X, and are defined at
an angle relative to the first direction X, e.g., at forty-five
degrees (45°) with respect to the first direction X. Each one
of the slots 262C 1s elongated and has a first end 266C and
a second end 268C. The connector pins 260C can be slidably
received within respective ones of the slots 262C. The
connector pins 260C are rigidly attached to their respective
actuated connectors 214C.

To move the actuated connectors 214C from the retracted
position to the extended position (e.g., from their positions
in FIG. 15A to their positions 1 FIG. 15B), a lever 270C
coupled with the bar 264C can be moved (e.g., rotated
manually or by an automated mechanism, such as an electric
motor) to pull the bar 264C towards a front side 238C of the
tray 204C (or alternatively the rear side of the tray 204C). In
this way, the bar 264C can be moved 1n the direction D6
along the first direction X. When the bar 264C 1s moved
toward the front side 258C, the connector pins 260C are slid
within their respective slots 262C, e.g., from the first end
266C to the second end 268C of their respective slots 262C.,
or rather, from their positions in FIG. 15A to their positions
in FIG. 15B. This action moves the actuated connectors
214C toward the fixed connectors 212C so that they mate
with the fixed connectors 212C, e.g., as shown 1n FIG. 15B.
In some embodiments, such as in the embodiment of FIGS.
15A and 15B, the connection elements 216C are configured
such that pairs of the first and second sets of electrical
connectors 202C, 206C are mated 1n parallel along the first
direction X, or rather, at the same time.

To move the actuated connectors 214C from the extended
position to the retracted position (e.g., from their positions
in FIG. 15B to their positions i FIG. 15A), the process
described above can be reversed. The lever 270C coupled
with the bar 264C can be moved (e.g., rotated manually or
by an automated mechanism, such as an electric motor) to
push the bar 264C away from the front side 258C of the tray
204C. In this way, the bar 264C can be moved 1n a direction
opposite the direction D6 along the first direction X. When
the bar 264C 1s moved 1n a direction opposite the direction
D6, the connector pins 260C are slid within their respective
slots 262C, e.g., from the second end 268C to the first end
266C of their respective slots 262C, or rather, from their
positions 1 FIG. 15B to their positions 1 FIG. 15A. This
action moves the actuated connectors 214C away from the
fixed connectors 212C so that they disengage from the fixed
connectors 212C. In some embodiments, such as in the
embodiment of FIGS. 15A and 15B, the connection ele-
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ments 216C are configured such that pairs of the first and
second sets of electrical connectors 2020, 206C are disen-
gaged 1n parallel, or rather, at the same time.

In some alternative embodiments, the slots 262C and the
pins 260C can be arranged so that the actuated connectors
are mated or disengaged in a zipper manner (1.€., sequen-
tially) rather than simultaneously as described above. For
instance, the slots can be angled differently than one another,

have different lengths, etc.

With reference now to FIG. 16A, 168, 16C, an actuation

system 200D for mating respective pairs ol connectors 1s
provided. The actuation system 200D of FIGS. 16A, 168,
16C 1s arranged 1n a similar manner as the actuation system
200C of FIGS. 15A, 15B, except as provided below.

In the embodiment of FIGS. 16A, 16B, and 16C, a bar
264D of the actuation system 200D defines a plurality of
slots 262D each configured to slidably receive respective
connector pins 260D of the actuated connectors 214D. The
bar 264D also defines a guide slot 272D that 1s arranged to
slidably recerve a guide pin 274D of an alignment guide
276D. The guide slot 272D 1s elongated and has a first end
278D and a second end 280D. The guide pin 274D i1s rigidly
attached to the alignment gwde 276D. In this example
embodiment, the alignment guide 276D 1s arranged as a post
having a pointed tip 282D. However, the alignment guide
276D can have other shapes in other embodiments. The
alignment guide 276D 1s arranged to be received within a
guide socket 284D, which 1s defined by a side cable car-
tridge 208D 1n this example embodiment. In some embodi-
ments, the guide socket 284D can be shaped complementary
to the pointed tip 282D of the alignment guide 276D.

The slots 262D of the bar 264D are defined at an angle
relative to the first direction X, e.g., at forty-five degrees

(45°) with respect to the first direction X. The gumde slot
272D 1s also defined at an angle relative to the first direction
X, but at a different angle than the slots 262D (e.g., at
seventy degrees (70°) with respect to the first direction X).
In at least some embodiments, the guide slot 272D 1s defined
at an angle that 1s at least twice as great as the angles of the
slots 262D, relative to the first direction X. For instance, 1n
embodiments 1n which the guide slot 272D 1s arranged at
sixty degrees (60°) with respect to the first direction X, the
slots 262D are arranged at or less than thirty degrees (30°)
with respect to the first direction X. In at least some
embodiments, the guide slot 272D 1s defined at an angle so
that the ahgnment guide 276D extends at a faster rate than
the actuated connectors 214D, which allows the alignment
guide 276D to be recerved within the guide socket 284D first
or before the actuated connectors 214D mate with their
respective fixed connectors 212D. This provides an initial
stage of alignment before the actuated connectors 214D are
mated with their respective fixed connectors 212D.

To move the actuated connectors 214D from the retracted
position to the extended position (e.g., along a direction D8
from their positions 1 FIG. 16A to their positions i FIG.
16C), a lever 270D coupled with the bar 264D can be moved
(e.g., rotated manually or by an automated mechanism, such
as an electric motor) to pull the bar 264D towards a front
side 258D of the tray 204D (or alternatively the rear side of
the tray 204D). In this way, the bar 264D can be moved in
a direction D9 along the first direction X. When the bar
264D 1s moved along the direction D9, connector pins 260D
of the actuated connectors 214D are slid within their respec-
tive slots 262D while the guide pin 274D 1s slid within the
guide slot 272D. The guide pin 274D slides within the guide
slot 272D at a faster rate than does the connectors pins 2601
within their respective slots 262D. As shown 1n FIG. 16B,
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which shows an intermediate position during an actuation
process, the guide pin 274D 1s further toward the second end
280D of the guide slot 272D than the connector pins 260D
are toward the second ends of their respective slots 262D.
Moreover, as 1illustrated in FIG. 16B, the alignment guide
276D 1s recerved, at least in part, within the guide socket
284D before the actuated connectors 214D reach or mate
with their respective fixed connectors 212D. Accordingly,
the alignment guide 276D facilitates alignment of the actua-
tor connectors 214D with their corresponding fixed connec-
tions 212D belore mating (e.g., along the first direction X).
In FIG. 16C, a greater portion of the alignment guide 276D
1s received within the guide socket 284D (than 1n FIG. 16B),
and the actuated connectors 214D are 1n mating engagement
with their fixed connectors 212D.

While only one alignment guide and one guide socket are
depicted 1 FIGS. 16A, 16B, and 16C, 1n some embodi-
ments, the actuation system 200D can include multiple
alignment guides and corresponding guide sockets, e.g.,
arranged along the first direction X.

In some further embodiments, any of the actuation sys-
tems described above can be modified so that both sets of
connectors can be moved or actuated. That 1s, the set of
connectors of the tray and the set of connectors of the cable
cartridge can both be movable or actuated connectors. Any
combination of the actuated connectors can be used. For
instance, 1 one example embodiment, a first set of connec-
tors can be actuated 1n parallel, e.g., using the technique
described 1n FIGS. 14A, 14B or FIGS. 15A, 15B or FIGS.
16A, 16B, 16C, so as to travel a distance toward the second
set ol connectors, but not all the way or at least so the first
and second connectors do not mate. Then, the second set of
connectors can be actuated, e.g., using the technique
described i FIGS. 13A, 13B, so as to travel a distance
toward the first set of connectors and so that the first set of
connectors mate with the second set of connectors.

In some further embodiments, the connectors of a cable
cartridge and/or the side connectors of a tray can be arranged
as dual-ganged connectors connected together by a link and
actuated in unison. FIGS. 17A through 17E illustrate one
example actuation system 200FE having dual-ganged con-
nectors.

FIG. 17A 1llustrates a perspective view of a portion of a
cable cartridge 208E having a plurality of connectors, which
are actuated connectors 214E 1n this example embodiment.
The actuated connectors 214E are arranged in rows and
columns within the cable cartridge 208E. Particularly, the
actuated connectors 214FE are arranged as a plurality of
dual-ganged connectors, or ganged connector modules
286FE. Each ganged connector module 286FE has a first
actuated connector 214E-1 and a second actuated connector
214E-2 ganged together by a link 288E (FIGS. 17D, 17E).
Thus, the first and second actuated connectors 214E-1,
214E-2 are movable in unison between a retracted position,
¢.g., as shown 1n FIG. 17B, and an extended position, e.g.,
as shown 1 FIG. 17C. The first and second actuated
connectors 214E-1, 214E-2 are movable along a direction
perpendicular to a first direction X.

The first and second actuated connectors 214E-1, 214E-2
of a given ganged connector module 286E are disposed
within a connector housing 290E (e.g., stacked on top of
cach other). Each connector housing 290E defines a slot
292F that provides access for a tool 218E (e.g., an actuation
spear having a sloped tip) to engage the link 288E, such as
a surface 294F of the link 288EF as shown in FIG. 17E. In this
embodiment, the link 288EF has a cylindrical shape and the
surface 294E 1s a curved outer surface of the cylinder. The
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link 288E can extend between and connect the actuated
connectors of a given connector module 286E. The curved
surface of the link 288E can facilitate the sloped surface of
the tool sliding there along when the tool 218E engages the
link 288FE, which can reduce the force needed to actuate or
move the actuated connectors of the ganged connector
modules 286E. In other embodiments, the link 288E can
have other configurations.

When moving the actuated connectors 214E to the
extended position to mate with corresponding connectors,
the tool 218E can engage surface 294E of the link 288E, e.g.,
as shown in FIG. 17E, to move the actuated connectors 214E
ol a given pair (or actuated connectors of a given row) 1n a
direction D9 towards the connectors of the tray (not shown).
When moving the actuated connectors 214E to the retracted
position to disengage from their corresponding connectors,
the tool 218E can be flipped and can engage the Surface
294E of the link 288E to move the actuated connectors 214E
of a given pair (or actuated connectors of a given row) 1n a
direction away from the connectors of the tray (not shown),
or rather, a direction opposite the direction D9. In one
embodiment, there 1s approximately 17 pounds of force used
to retract and extend the connectors. In one embodiment,
less than 5 pounds of force i1s used to push the spear and
cause the actuation.

The cable cartridge 208E, or a housing thereof, can define
an extension opening 296E and a retraction opening 298E,
¢.g., one for each row of ganged actuated connectors as
shown 1n FIG. 17A. The extension opening 296E and the
retraction opening 298E are aligned with the slot 292E (or
slots of the modules 286E of a given row) and arranged to
receive the tool 218E. For instance, to move the actuated
connectors 214E to the extended position so that they mate
with their corresponding connectors, the tool 218E can be
inserted through the extension opening 296E, e.g., as
depicted 1n FIG. 17A, and moved through the row to
sequentially engage one link after another. To move the
actuated connectors 214E to the retracted position, the tool
218E can be thpped so that the sloped surface thereof faces
an opposite direction, and the tool 218E can be inserted
through the retraction opening 298E and moved through the
row to sequentially engage one link after another.

In other embodiments, the actuated connectors of the
ganged connector modules 286E can be actuated using any
of the actuation techniques disclosed herein. Further, while
the ganged connector modules are depicted as being
arranged 1n the cable cartridge 208E of FIG. 17A, one or
more trays of a rack can have ganged connector modules in
addition or alternatively to the cable cartridge 208E.

FIG. 18 1s a flow diagram for an example method 300 of
actuating one set of connectors to mate with another set of
connectors.

At 302, the method 300 can include aligning a first set of
clectrical connectors disposed on a first side of a tray along
a first direction to a second set of electrical connectors so
that the first and second sets of electrical connectors align
along the first direction, wherein the tray 1s configured to
mount 1n a rack. In some 1implementations, the second set of
clectrical connectors are disposed within a side cable car-
tridge configured to mount 1n the rack. In such implemen-
tations, the first and second sets of electrical connectors can
be aligned with one another along the first direction by
sliding the tray and the side cable cartridge into the rack.

At 304, the method 300 can include actuating one of the
first and second sets of electrical connectors while the other
set includes fixed connectors. The actuated set of connectors

include connection elements to be used to extend the actu-
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ated connectors to mate with the fixed connectors. In some
implementations, the one of the first and second sets of
clectrical connectors are actuated so that the electrical
connectors mate with the fixed connectors in series, or
rather, sequentially at different times. In some 1mplementa-
tions, the one of the first and second sets of electrical
connectors are actuated so that the electrical connectors
mate with the fixed connectors in parallel, or rather, at the
same time.

In some 1implementations, the connection elements can be
respective slots arranged to receive a tool (e.g., an actuation
spear), €.g., as shown i FIGS. 13A and 13B. In some
implementations, the connection elements can be a plurality
of arms and a movable bar, ¢.g., as shown 1n FIGS. 14A and
14B. In some implementations, the connection elements can
be a plurality of connector pins that are shidably received
within respective slots 1n a bar, e.g., as shown i FIGS. 15A
and 15B. In some implementations, the connection elements
can be a plurality of connector pins that are slidably received
within respective slots in a bar and an alignment guide can
be used to initiate, maintain, or otherwise facilitate align-
ment of the connectors during the mating process, €.g., as
shown 1 FIGS. 16A, 168, and 16C. In some implementa-
tions, the actuated connectors can be ganged together in
pairs by respective links, and the connection elements can be
respective slots and links, e.g., as shown in FIGS. 17A
through 17F.

Alignment System

In some embodiments, a tray and a side cable cartridge of
a rack can include alignment features that provide tolerance
and force resolution when aligning the tray to the side cable
cartridge, or vice versa, and aligning connectors of the tray
with connectors of the side cable cartridge. An example

embodiment 1s provided below with reference to FIGS. 19A,
198, 19C.

FIGS. 19A, 19B, and 19C schematically illustrate a rack
400 having an alignment system 410 according to embodi-
ments of the present disclosure. The alignment system 410

includes or 1s formed by features of a tray 412 and a cable
cartridge 414 of the rack 400. The rack 400 has a front side

416 and a rear side 418. For reference, the rack 400 defines
a first direction X, a second direction Y, and a third direction
7., which are mutually perpendicular to one another and form
an orthogonal direction system.

As shown 1 FIG. 19A, the tray 412 1s configured to
mount mto the rack 400. For instance, the tray 412 can be
slid into the rack 400 relative to the cable cartridge 414
along the first direction X. The tray 412 can be one of a
plurality of trays that can be mounted into the rack 400. The
tray 412 has a front side, a rear side, a first side 420, and a
second side 422, which 1s opposite the first side 420. The
tray 412 includes at least one first electrical connector 424
arranged at the first side 420 along the first direction X. In
some embodiments, the tray 412 can include a plurality of
first electrical connectors 424 disposed along a first axis
AX1, e.g., as shown 1n FIG. 19A. The first axis AX1 1s
parallel with the first direction X. The first electrical con-
nectors 424 can be arranged 1n a sidewall of the tray 412.

The cable cartridge 414, or component, 1s configured to
mount into the rack 400 as well. The cable cartridge 414
includes a housing 426 and at least one second electrical
connector 428 disposed within the housing 426. In some
embodiments, the cable cartridge 414 can include a plurality
of second electrical connectors 428 disposed along a second
axis AX2 parallel to the first axis AX1, e.g., as shown in FIG.
19A. Accordingly, the second axis AX2 1s parallel with the
first direction X, and in this example, the first and second
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clectrical connectors 424, 428 are disposed along respective
axes AX1, AX2 that are parallel to the direction that the tray
412 1s slid mto the rack 400, e.g., the first direction X 1n this
example. The second electrical connectors 428 can be held
by a bar 430. The cable cartridge 414 can also include a bias
spring 432 that 1s attached to the bar 430. The bias spring
432 can be disposed between the bar 430 and the housing
426, for example. The bias spring 432 biases the bar 430 and
the second electrical connectors 428 along the first direction
X.

The tray 412 and the cable cartridge 414 can include
coarse alignment features that function to align the tray 412
to the cable cartridge 414, e.g. when the tray 412 1s slid into
the rack 400 relative to the cable cartridge 414.

In at least some embodiments, at the front side 416, the
tray 412 includes a first alignment element 434. As depicted,
the tray 412 includes a forward projection 436 extending
from a main body 438 of the tray 412. The forward projec-
tion 436 extends from the main body 438 along the second
direction Y. The forward projection 436 extends a distance
from the main body 438 so that the tray 412 overlaps with
the cable cartridge 414 along the second direction Y when
the tray 412 1s slid into the rack 400 relative to the cable
cartridge 414 along the first direction X. The first alignment
clement 434, or forward alignment pin 440 1n this example,
extends from the forward projection 436 along the first
direction X toward the rear side 418 of the rack 400. The
forward alignment pin 440 1s arranged to be received by a
second alignment e¢lement 442, or i this embodiment, a
forward alignment aperture 444 defined by the bar 430 of the
cable cartridge 414. In this regard, the first alignment
clement 434 1s configured to mate with the second alignment
clement 442 when the tray 412 1s slid into the rack 400.

In at least some embodiments, at the rear side 418, the tray
412 includes a third alignment element 446, which 1s a rear
alignment aperture 448 1n this example embodiment. The
rear alignment aperture 448 1s arranged to receive a rear
alignment pin 450, or fourth alignment element 452, of the
bar 430 of the cable cartridge 414. The rear alignment pin
450 extends from a rear projection 454 of the bar 430. The
rear projection 454 extends from a main body of the bar 430
along the second direction Y. The rear projection 454
extends a distance from the main body of the bar 430 so that
the cable cartridge 414 overlaps with the tray 412 along the
second direction Y when the tray 412 1s slid into the rack 400
relative to the cable cartridge 414 along the first direction X.
The fourth alignment element 452, or the rear alignment pin
450 1n this example, extends from the rear projection 454
along the first direction X toward the front side 416 of the
rack 400. The rear alignment pin 450 1s arranged to be
received by the third alignment element 446, or 1n this
embodiment, the rear alignment aperture 448 defined by the
tray 412. In this regard, the third alignment element 446 1s
configured to mate with the fourth alignment element 452
when the tray 412 1s slid into the rack 400.

Accordingly, when the tray 412 1s slid into the rack 400
relative to the cable cartridge 414, the insertion of the
forward and rear alignment pins 440, 450 1n their respective
forward and rear alignment apertures 444, 448 can facilitate
coarse alignment of the tray 412 to the cable cartridge 414.
Mating of the first and second alignment elements 434, 442
and mating of the third and fourth alignment elements 446,
452 aligns the first and second electrical connectors 424,
428. Moreover, the bias spring 432 can also help with
alignment by providing tolerance so that the rear alignment
pin 450 1s fully seated in the rear alignment aperture 448 of
the tray 412. That 1s, a technician can push on the tray 412
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to slide 1t into the rack 400, which compresses the bias
spring 432. This ensures that a desired surface of the tray
412 (e.g. a rear surface 456 of the tray 412) contacts a
surface of the rear projection 454 from which the rear
alignment pin 450 extends (e.g., bottoms out). For example,
the bias spring 432 can set a common depth datum at the
nose or forward side of the tray 412.

The tray 412 and the cable cartridge 414 can include fine
alignment features that function to align the first electrical
connectors 424 of the tray 412 to the second electrical
connectors 428 of the cable cartridge 414.

In at least some embodiments, the first electrical connec-
tors 424 each define pin apertures 458 and the second
clectrical connectors 428 each include connector alignment
pins 460 that can be received within respective ones of the
pin apertures 458. That 1s, when the connector alignment
pins 460 are aligned with the pin apertures 458, ¢.g., along
the first and third directions X, Z, and the second electrical
connectors 428 are actuated to move along the second
direction Y, the connector alignment pins 460 can be
received by respective ones of the pin apertures 438, ¢.g., as
shown 1n FIG. 19C. Further, the first electrical connectors
424 can be connected to respective ones of a plurality of
connector bias springs 462. The connector bias springs 462
bias their respective first electrical connectors 424 along the
second direction Y, which 1s perpendicular to the first
direction X. The connector bias springs 462 can facilitate the
mating of the first and second electrical connectors 424, 428
and can dampen forces associated with the actuation action.

With reference to FIGS. 19A, 19B, and 19C, an example
manner in which the alignment system 410 can be used to
align the tray 412 to the cable cartridge 414 and for aligning
the first and second electrical connectors 424, 428 will now
be described. FIGS. 19A, 19B, and 19C show a progression
of the tray 412 being slid from left to right along the first
direction X.

In FIG. 19A, a beginning insertion stage 1s depicted 1n
which the tray 412 1s being slid into the rack 400 left to right
relative to the cable cartridge 414 along the first direction X.
The cable cartridge 414 1s already mounted 1n the rack 400.
As shown 1n FIG. 19A, as the tray 412 1s shid into the rack
400, the forward alignment pin 440 1s aligned with the
forward alignment aperture 444, e¢.g., along the second
direction Y, and the rear alignment aperture 448 1s aligned
with the rear alignment pin 450, e.g., along the second
direction Y. In this way, the forward and rear alignment pins
440, 450 will be able to mat with or be received by their
respective forward and rear alignment apertures 444, 448,
¢.g., as shown 1n FIG. 19B.

In FIG. 19B, a first stage alignment 1s depicted in which
the coarse alignment features of the tray 412 and the cable
cartridge 414 engage or mate. Particularly, in FIG. 19B, the
forward and rear alignment pins 440, 450 have mated with
their respective forward and rear alignment apertures 444,
448. The bias spring 432 can also help with alignment by
providing tolerance so that the rear alignment pin 450 1s
tully seated 1n the rear alignment aperture 448 of the tray
412. That 1s, a technician can push on the tray 412 to slide
it 1n the rack 400, which compresses the bias spring 432.
This ensures that a desired surface of the tray 412 (e.g. the
rear surface 456 of the tray 412) contacts a surface of the rear
projection 454 Ifrom which the rear alignment pin 430
extends. In this regard, the tray 412 can “bottom out™ on the
bar 430. The bias spring 432 can set a common depth datum
at the nose or forward side of the tray 412.

Further, 1n some embodiments, the bias spring 432 allows
the bar 430 to “float” at least in the first direction X to
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provide leeway so that the second electrical connectors 428
can be aligned with the first electrical connectors 424 1n the
tray 412. In some embodiments, the bar 430 can float 1n the
first, second, and third directions X, Y, and Z. Accordingly,
if the bar 430 1s misaligned with the tray at the beginning
insertion stage (FIG. 19A), the bar 430 can move 1n the {irst,
second, and/or third directions X, Y, Z when the forward and
rear alignment pins 440, 450 are mated with their respective
torward and rear alignment apertures 444, 448. Thus, at the
first stage alignment depicted in FIG. 19B, the bar 430 is
now aligned with the tray 412. That is, the forward and rear
alignment pins 440, 450 can provide a course (or initial)
alignment 1n the second and third directions Y, Z. The
forward and rear alignment pins 440, 450 can also resolve
connector forces locally (e.g., so that the cable cartridge 414
1s not loaded).

In FIG. 19C, a second stage alignment (or final stage
alignment) 1s depicted 1in which the fine alignment features
of the tray 412 and the cable cartridge 414 engage or mate.
In some embodiments, the second electrical connectors 428
can “float” or shuttle within the bar 430, e.g., in the first and
second directions X, Y to provide secondary or fine align-
ment. Further, i1n some embodiments, the first electrical
connectors 424 can “tloat” 1n the second direction Y. Par-
ticularly, 1 this example, the first electrical connectors 424
are biased towards the second electrical connectors 428 1n
the cable cartridge 414 by the connector bias springs 462.
Accordingly, when the second electrical connectors 428 in
the cable cartridge 414 are actuated, e.g., using any of the
actuation technmiques disclosed herein, the connector align-
ment pins 460 of the second electrical connectors 428 mate
with corresponding pin apertures 438 of the first electrical
connectors 424. The mating of the connector alignment pins
460 with the pin apertures 438 provides a secondary or fine
alignment of the first and second electrical connectors 424,
428, which facilitates good connector contact and mating
consistency. Moreover, mating the first and second electrical
connectors 424, 428 compresses the connector bias springs
462, e¢.g., as shown in FIG. 19C. In this manner, the
connector bias springs 462 can resolve actuation forces.

While FIGS. 19A, 19B, 19C illustrate an embodiment 1n
which the tray 412 1s slid relative to the cable cartridge 414,
the roles can be reversed 1n other embodiments 1n which the
cable cartridge 414 1s slid to mate with the tray 412 (or
trays). Further, while the embodiment of FIGS. 19A, 19B,
19C depicts two (2) coarse alignment pins and each con-
nector having two fine alignment pins, any number of coarse
pins and/or fine pins can be used. Further, while the embodi-
ment of FIGS. 19A, 19B, 19C depicts the tray 412 being
aligned with the cable cartridge 414, 1n some embodiments,
the tray 412 can be slid between two cable cartridges both
having alignment features. For mstance, FIG. 19D depicts a
tray 412D being shid between first and second cable car-
tridges 414D-1, 414D-2, wherein the tray 412 and the first
and second cable cartridges 414D-1, 414D-2 have similar
alignment features as described above. Such an embodiment
can facilitate alignment of the connectors on both sides of
the tray 412 with their corresponding connectors of the first
and second cable cartridges 414D-1, 414D-2.

FI1G. 20 1s a flow diagram for an example method 500 of
aligning a tray with a cable cartridge and connectors of the
tray with connectors of the cable cartridge, according to an
example embodiment of the present disclosure.

At 502, the method 500 can include slhiding a tray into a
rack, the tray including a first electrical connector and a first
alignment element. For instance, with the cable cartridge
already mounted 1n the rack, the tray can be slid relative to
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the tray along a first direction. In shiding the tray, the first
alignment element of the tray (e.g., an alignment pin) can be
aligned with a second alignment element (e.g., an alignment
aperture) of the cable cartridge, e.g., along a direction
perpendicular to the sliding direction of the tray. In this way,
the first and second alignment elements can eventually mate,
¢.g., when the tray 1s fully slid into the rack. In some
implementations, 1n sliding the tray, a third alignment fea-
ture of the tray (e.g., an alignment aperture) can be aligned
with a fourth alignment element (e.g., an alignment pin) of
the cable cartridge, e.g., along the direction perpendicular to
the sliding direction of the tray. The first and second align-
ment elements can be arranged at a front side of the tray and
a front side of the cable cartridge, respectively, while the
third and fourth alignment elements can be arranged at a rear
side of the tray and a rear side of the cable cartridge,
respectively. That 1s, the third and fourth alignment elements
can be arranged at respective rear sides of the tray and the
cable cartridge and the first and second alignment elements
can be arranged at respective front sides of the tray and the
cable cartridge.

At 504, the method 500 can include mounting a compo-
nent (e.g., the cable cartridge) into the rack, the component
including a second electrical connector and the second
alignment element, wherein the first alignment element 1s
configured to mate with the second alignment element when
the tray 1s slid mto the rack, and wherein mating the first and
second alignment elements aligns the first and second elec-
trical connectors. In such implementations, the first and
second electrical connectors are disposed along axes that are
parallel with a direction that the tray 1s slid 1nto the rack.

Stated another way, when the tray is slid into the rack, the
first alignment element mates with the second alignment
clement (e.g., an alignment pin can be received within an
alignment aperture). The mating engagement of these ele-
ments can align the first and second electrical connectors,
¢.g., along the sliding direction. The first and second align-
ment elements can provide coarse alignment of the first and
second electrical connectors. In some 1mplementations,
when the tray 1s slhid into the rack, the third alignment
clement mates with the fourth alignment element (e.g., an
alignment pin can be received within an alignment aperture).
The mating engagement of these elements can further align
the first and second electrical connectors, e.g., along the
sliding direction. In some implementations, the cable car-
tridge 1s mounted 1n a vertical orientation within the rack and
the tray 1s slid into the rack 1n a horizontal orientation.

At 506, the method 500 can include actuating the first
electrical connector toward the second electrical connector,
or vice versa, so that a first connector alignment feature of
the first electrical connector mates with a second connector
alignment feature of the second electrical connector. For
instance, in some 1mplementations, the first connector align-
ment feature 1s a connector alignment pin and the second
connector alignment feature 1s a connector alignment aper-
ture that receives the connector alignment pin. Mating of the
first connector alignment feature with the second connector
alignment feature can provide fine alignment of the first and
second electrical connectors, which can facilitate the elec-
trical coupling of the first and second electrical connector.

In the preceding, reference 1s made to embodiments
presented 1n this disclosure. However, the scope of the
present disclosure 1s not limited to specific described
embodiments. Instead, any combination of the described
features and elements, whether related to different embodi-
ments or not, 1s contemplated to implement and practice
contemplated embodiments. Furthermore, although embodi-
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ments disclosed herein may achieve advantages over other
possible solutions or over the prior art, whether or not a
particular advantage 1s achieved by a given embodiment 1s
not limiting of the scope of the present disclosure. Thus, the
preceding aspects, features, embodiments and advantages
are merely illustrative and are not considered elements or
limitations of the appended claims except where explicitly
recited 1n a claim(s).

While the foregoing 1s directed to specific examples, other
and further examples may be devised without departing
from the basic scope thereof, and the scope thereof is
determined by the claims that follow.

What 1s claimed 1s:

1. A system, comprising:

a tray configured to mount into a rack, the tray comprising,

a first electrical connector and a first alignment ele-
ment; and

a component configured to mount into the rack, the

component comprising a second electrical connector
and a second alignment element, wherein the {first
alignment element 1s configured to mate with the
second alignment element when the tray is slid into the
rack, wherein mating the first and second alignment
clements align the first and second electrical connec-
fors,

wherein the first and second electrical connectors are

disposed along respective axes that are parallel with a
direction that the tray i1s shid into the rack,

wherein the tray comprises a first plurality of electrical

connectors, which contains the first electrical connec-
tor, that 1s disposed along a first axis and the component
comprises a second plurality of electrical connectors,
which contains the second electrical connector, that 1s
disposed along a second axis parallel to the first axis,
wherein mating the first and second alignment elements
align the first plurality of electrical connectors and the
second plurality of electrical connectors.

2. The system of claim 1, wherein the component includes
a bias spring attached to a bar that holds the second electrical
connector, wherein the bias spring 1s compressed as the tray
slides into the rack and the first and second alignment
clements are mated.

3. The system of claim 1, wherein the first and second
alignment elements are a pin and a surface defining an
aperture 1n which the pin 1s 1nserted.

4. The system of claim 1, wherein the first and second
plurality of electrical connectors are disposed on the respec-
tive axes that are parallel to the direction that the tray 1s slid
into the rack.

5. The system of claam 1, wherein the first electrical
connector comprises a first alignment feature that mates with
a second alignment feature on the second electrical connec-
tor.

6. The system of claim 5, wherein the first electrical
connector 1s connected to a bias spring that 1s compressed
when the first electrical connector mates with the second
clectrical connector using the first and second alignment
clements.
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7. A rack, comprising:

a tray slidably mounted within the rack and having a first
set of electrical connectors disposed on a side of the
tray along a first direction, the tray being slidable along
the first direction and having a first alignment element;
and

a cable cartridge mounted within the rack and having a
second set of electrical connectors arranged along the
first direction, the cable cartridge having a second
alignment element,

wherein the first alignment element 1s arranged to mate
with the second alignment element so as to align the
first and second electrical connectors along the first
direction, and

wherein at least one of the first set of electrical connectors
and the second set of electrical connectors 1s movable
along a second direction perpendicular to the first
direction.

8. The rack of claim 7, wherein the first and second
alignment elements are an alignment pin and an alignment
aperture 1n which the alignment pin i1s 1nserted.

9. The rack of claim 8, wherein the tray has a main body
and a projection extending from the main body along the
second direction, wherein the alignment pin extends from
the projection along the first direction.

10. The rack of claim 8, wherein the cable cartridge has
a bar that holds the second set of electrical connectors, and
wherein the alignment aperture 1s defined by the bar.

11. The rack of claim 7, wherein the tray comprises a third
alignment element and the cable cartridge comprises a
fourth alignment element arranged to mate with the third
alignment element, wherein the third and fourth alignment
clements are arranged at respective rear sides of the tray and
the cable cartridge and the first and second alignment
clements are arranged at respective front sides of the tray
and the cable cartridge.

12. The rack of claim 11, wherein the third alignment
clement 1s a rear alignment aperture defined by the tray and
the fourth alignment element i1s a rear alignment pin
arranged to mate with the rear alignment aperture, wherein
the cable cartridge has a bar movable along the first direction
and arranged to hold the second set of electrical connectors,
and wherein the bar has a main body and a rear projection
extending from the main body along the second direction
perpendicular to the first direction, the rear alignment pin
extends from the rear projection along the first direction.

13. The rack of claim 7, wherein a first electrical connec-
tor of the first set of electrical connectors has a first con-
nector alignment feature and a second electrical connector of
the second set of electrical connectors has a second connec-
tor alignment feature arranged to mate with the first con-
nector alignment feature.

14. The rack of claim 13, wherein the first connector
alignment feature 1s a connector alignment pin and the
second connector alignment feature 1s a connector alignment
aperture that receives the connector alignment pin.
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